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MALARIA TRANSMISSION IN A REGION OF SAVANNA_FOREST
MOSAIC, HAUT:OGOOUE, GABON
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ABSTRACT. During the 2 yearc 1993 to 1995, an entomological survey was carried out in the savanna-
forest area of Franceville, Gabon, investigating malaria transmission in one suburban district of Franceville
(Akou) and in one rural village (Benguia). The biting rates of the Anopheles vectors were 10 times higher in
the rural zone compared to the suburban zone. Anopheles funestzs Giles was the predominant species in both
zones followed by Anopheles gambiae s.l. Giles. The densities of Anopheles nili T\eobald and Anopheles
moucheti Evans were very low. In the suburban zone, transmission was maintained throughout the year by An.
funestus and An. gambiae s.1., whereas in rural zones the secondary vectors An. nili and An. moucheti were also
involved in transmission. Humans in a suburban setting received one infective bite per person every 4 days,
whereas in the rural area the infective biting rate was 4 times higher. Considering each vector, the observed
entomological inoculation rates (EIRs) were one infective bite per person every 6 and 17 days for An. funestus
and An. gambiae s.I., respectively, at Akou. At Benguia, the EIRs were one infective bite per person every 2,
3, 6, and 19 days for the 4 An. funestus, An. gambiae s.1., An. nili, and An. moucheti, respectively. The predom-
inance of An. funestus over An. gambiae s.l. and its high EIR make it the most important malaria vector in this
region of Haut-Ogooud.
KEY WORDS Malaria vectors, Anopheles, Anopheles funestus, Anopheles gambiae s.1., biting rate, ento-
mological inoculation rate, Gabon
INTRODUCTION
Malaria is the major parasitic disease in the
world. Fifty percent of the world population, par-
ticularly in Africa (9OVo\, lives in zones with ma-
laria (Gentilini et al. 1993, WHO 1994). On the
African continent morbidity and mortality are very
difficult to estimate accurately because of fragmen-
tary records and reporting (WHO 1994). The raw
data do not take into account the heterogeneity of
the distribution of malaria in relation to vectorial
factors (e.g., the impact of urbanization), parasites
(e.g., chemoresistance), or human activity (e.g,, ru-
ral migration, access to antimalarial medication, ir-
rigation projects), which may modify the incidence
of malaria. These data reflect even less host-vec-
tor-parasite dynamics. The recent appreciation of
such interrelationships explains the renewed inter-
est in epidemiologic studies (Coosemans and
Mouchet 1990, Mouchet et al. 1993). Curiously,
few entomological studies have been carried out in
Gabon (Gaillard 1931a, 1931b, 1932:  Nguy Van
Duong et al. 1962; Mouchet 1971; Lancien et al.
1975; Service 1976; Service et al. 1977) in com-
parison with other areas of Central and West Africa.
The aim of the present study was to evaluate the
intensity and rhythm of malaria transmission in 2
areas, a suburban and a rural zone, of southeastern
Gabon. We illustrate some essential aspects of local
malaria transmission by identifying the Anopheles
vector species implicated and by evaluating the fre-
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quency of transmission in relation to the climatic
conditions of the region.
STT]DY AREAS
The province of Haut-Ogoou6 is located between
0'25'N and 2"S, in southeastern Gabon and is de-
limited to the east and south by the Congolese bor-
der (Fig. 1a). The Franceville basin is a large region
of undulating hills with an average altitude of 400
m. A mosaic landscape is created by narrow gallery
forests following the watercourses, although savan-
na remains the predominant vegetation type.
Franceville (population ca. 30,000) nestles in a
curve of the River M'passa, which is one of the
main tributaries of the River Ogoou6. The city is
formed of numerous small communities. which are
separated by the hilly relief but linked by a network
of tracts (Fig. 1b). Preliminary night catches on hu-
man bait were made in different zones of France-
ville and the 2 study sites were then selected. The
first site is one of the peripheral northern suburban
districts within Franceville (Akou); the second is a
traditional village (Benguia) (Fig. 1b).
Akou (population ca. 1,0O0) is located on the
highest hill of Franceville with a slope of about
2OVo. Tlre only road serving Akou is bordered by
2 streams that drain into swampy areas. Benguia
(population ca. 180) is a traditional Pygmy village
situated in a rural zone 15 km to the west of
Franceville. It is bordered on one side by a road
and on the other by a river with its gallery forest.
The construction of a local road has interfered with
the local drainage pattern and led to the creation of
a semipermanent pond.
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Fig. l    a. Gabon. b. Study sites in Franceville.
CLIMATE
The climate is of Guinean-equatorial type with
4 seasons. The short dry season (January-Febru-
ary) corresponds to a decline in precipitation in
comparison to the strong rains of the long rainy
season (March-June). Between June and October
there is the long dry season, in which there is in-
significant precipitation followed by the short rainy
season (October-December). Rainfall for the past 5
years averaged \2N mm per year. The annual
mean daily temperature was 25.2"C. Monthly var-
iation was low, ranging fuom26.2"C (August 1994)
to 23.3"C (July 1995) (Fig. 2).
MATERIALS AND METHODS
To estimate human-biting rates, mosquitoes were
collected using all-night, voluntary human-bait
catches indoors and outdoors at 3 different places
in each of the 2 study zones. The night was divided
into 2 6-hr periods (1800-0000 h and 00O0-O60O
h). The catchers, with the aid of torches. collected
the mosquitoes that landed on their naked legs and
placed them at hourly intervals inside haemolysis
tubes. These tubes were then put inside hour-bags.
At Akou, 2 nght catches were carried out every
month from July 1993 to July 1995 except for May,
November, and December 1994, when only one
catch was possible each month, and January 1995,
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Fig. 2. Rainfall and mean temperature from July 1993 to July 1995 in the Franceville region.
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Table 1. Culicid species captured at Akou and Benguia.
Akou
(45 night catches, 116 men nights)
Benguia
(40 night catches, 116 men nights)
Speciesl
Vo of
No. females capture
Vo of
Anopheles No. females
Vo of Vo of
capture Anopheles
An. funestus Giles, 1900
An. gambiae s.l. Giles, 1902
An. nili Theobald, 1904
An. moucheti Evans, 1925
An. paludis Theobald, 1900
An. coustani Laveran, 1900
An. ziemanni Grtinberg, 19O2
An. rufipes Gough, 19l0
An. hancocki Edwards. 1929
An. squamosus Theobald, l90l
Culex sp.
Aedes sp.
Mansonia sp.
Total capture
TotaI Anopheles
463
265
35
7
2
6
5
0
16.84
9.64
t .27
0.25
0.07
o.22
0 . 1 8
0
46.O2
24.s2
0.98
28.48
59 .13
33.84
4.47
0.89
o.26
o.77
o.64
0
3,641
)  ) < 7
L , Z J J
592
90
36
l6
A
38
t9
l 0
194
8,126
7.922
44.81
27.73
15.17
7.29
1 . 1 I
o.44
o.20
0.05
o.47
o.23
0. r2
2.39
97.49
45.96
28.44
15.56
7.47
1 . 1 4
0.45
o.20
0.05
0.48
o.24
1,265
674
27
2,749
783
I An., Anopheles.
when none was performed. At Benguia, from Au-
gust 1993 to July 1995, two night catches were car-
ried out every month except for August to October
1993, May 1994, and November 1994 to January
1995, when only one catch was possible each
month.
Mosquito identification (Gillies and De Meillon
1968, Gillies and Coetzee 1987) and female ano-
pheline dissections were perforrned in the labora-
tory the following morning. Sporozoite infection
was recognized by the presence of sporozoites in
freshly dissected salivary glands. The entomologi-
cal inoculation rate (EIR), obtained by multiplying
the human-biting rate (ma) by the sporozoite index
(s), was expressed as the number of infected bites
per man per night (b/m/n) and was calculated for
the whole study period, as well as for each of the
rainy and dry seasons.
RESULTS
Mosquito fauna
Eighty-five night catches on voluntary human
baits were performed at Akou and Benguia from
July and August 1993, respectively, to July 1995.
At Akou, the catches resulted in the capture of
2,749 female mosquitoes representing 28.48Vo
Anopheles spp., of which 7 species were identified,
46.O2Vo Culex spp., 24.52Va Aedes spp., and O.98Vo
Mansonia spp. (Table 1). At Benguia,8,126 female
mosquitoes were collected representing 97.49Vo
Anopheles spp., of which 10 species were found,
O.l2Vo Culex spp., and 2.39Vo Mansonla spp. (Table
1). The average biting rate for all Culicidae was
23.69 blm/n at Akou and 70.05 b/m/n at Benguia.
Anopheline population biology
Biting rates: At Akou, the mean biting rate of
Anopheles vectors (Anopheles funestus Glles,
Anopheles gambiae s.l. Giles, Anopheles nili ^tlteo-
bald, and Anopheles moucheti Evans) was 6.64 b/
m/n (Table 2) with a maximum of I7.25 b/m/n (Fig.
3a). At Benguia, the mean rate was 10 times higher
(Table 2) and varied from 13.33 to 196.7O blmln
(Fig. 3b). Anopheles funestus was always the pre-
dominant biting species, followed by An. gambiae
s.l. The populations of An. nili and An. moucheti
were less aggressive. Biting rates for all species
were always higher in the rural zone than in the
suburban setting.
Fluctuation of the anopheline populations: The
total aggressivity of the 4 vectors cited previously
was similar during the dry and the rainy seasons in
both zones (Table 2). Comparing biting rates be-
tween the different seasons, An. funestus was 2-fold
and l.5-fold more aggressive in the dry season than
in the rainy season at Akou and Benguia, respec-
tively; in contrast, An. gambiae s.l. was l.3-fold
and 2.2-fold less aggressive. At Benguia, An. nili
and An. moucheti aggressivity rates were approxi-
mately equal during the 2 seasons.
Sporozoite index
At Akou, 633 Anopheles (353 An. funestus, 238
An. gambiae s.1., 28 An. nili, 6 An. moucheti, and
8 from 3 other species) were dissected; 3 anophe-
line species had sporozoites, giving a mean sporo-
zoite index of 3.36Vo for the 4 main vectorial spe-
cies (Table 2). At Benguia, 5,984 anopheline spec-
imens (2,998 An. funestus, 1,643 An. gambiae s.1.,
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833 An. nili, 375 An. moucheti, and 135 from the
6 other species) were examined and sporozoites
were found only in the 4 main vectorial specres,
giving a mean sporozoite index of l.SOVo (Table 2).
Entomological inoculation rates
As shown in Fig. 4b, transmission in the rural
zone was maintained throughout the study period
(with the exception of May 1995) with an average
EIR of 1.001 infective bite per man per night (ib/
m/n) (Table 2) reaching 2.697 ib/mln in October
1994 and falling to 0.177 iblm/n in April 1994;
from August 1993 to July 1995, each person re-
ceived an estimated 733 infective bites, correspond-
ing to 366.5 lblmlyear. In the suburban zone (Fig.
4a), transmission was less intense with an average
inoculation rate of O.223 lblm/n (Table 2) and a
maximum of 1.128 ib/m/n in September 1994; from
July 1993 to July 1995, each person from Akou
received an estimated 163.5 infective bites. corre-
sponding to 81.8 lblmlyear.
The EIR values of the rural vectors were always
higher than those recorded for the suburban vectors
(Table 2): in the suburban zone, one person re-
ceived one infective bite every 6 days from An.
funestus, one infective bite every 17 days from An.
gambiae s.1., and one infective bite every 91 days
from An. nili, whereas in the rural zone each indi-
vidual received on average one infective bite every
2 days from An. funestus, one infective bite every
3 days from An. gambiae s.1., one infective bite
every 6 days from An. nili, and one infective bite
every 19 days from An. moucheti.
Seasonal variations in EIR: During the rainy
season, the EIR for Akou was approximately 9-fold
lower than in Benguia (Table 2). During the 14-
month survey, each person was submitted to a total
of 47 infected bites in the suburban zone, whereas
in the rural zone, we estimated a total of 381 in-
fected bites per person. During the dry season, the
EIR for Akou was only one third of that for Ben-
guia (Table 2). In the suburban zone, each person
was exposed to a potential 127 infective bites dur-
ing the 11 months of the dry season; whereas in
the rural zone, we calculated a total of 343 infective
bites per person for the 1O months studied.
In the rural zone, during the dry season, malaria
transmission was due to An. funestus, An. gambiae
s.1., An. nili, and An. moucheti, whereas An. mouch-
eti was not implicated in ffansmission during the
rainy season. In the suburban zone, the flrst 3 vec-
tors were implicated in the transmission, whereas
only the first 2 were involved during the rainy sea-
son.
Daily survival rate
The average parity rate of the vectors (p) was
calculated according to the Davidson formula:
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where d is the duration of the gonotrophic cycle
and P and .Ay' are the proportions of parous and nul-
liparous females. The duration of the gonotrophic
cycle varies between 2 and 3 days, according to
local climatic conditions. Taking into account the
results of Brengues and Coz (1973) from West Af-
rica, Trape (1987), and specifically Carnevale
(1979) from the Popular Republic of Congo, we
have assigned the value d : 2.5 days.
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In the suburban zone, the average parity rate
of An. funestzs is about 93Vo (n: 353), that is,
a daily survival rate of p : O.97; for An. gambiae
s.l. it is 9OVo (n = 238) and p = 0.96; and for
An. nili the parity rate is 95Vo (n : 28) with p :
0.98. In the rural zone, the average parity rate of
E , > E =
< : ; i
month
An. funestus is about 87Vo (n : 2,998), that is, a
daily survival rate of p = O.95; for An. gambiae
s.l. it is 84Vo (n : 1,643) and p = O.93; for An.
nili the parity rate is 77Vo (z : 833) with p :
0.90; and for An. moucheti, it is 72Vo h : 375)
and p : 9.33.
2 t s ! h d qf s = 4 e a 6 2 d
r: Total - An. funestus - An. gambiae . An. nili -An- moucheti
Fig. 4. Entomological inoculation rates of Anophele.s vectors at (a) Akou and (b) Benguia.
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Expectation of infective life and vectorial
efficiency
The vectorial capacity (VC) represents the ex-
pected quantity of new infections induced per day
from a single nonimmune infective case. Using the
density rate, the anthropophilic index, and the lon-
gevity of each vector, VC was calculated according
to Macdonald's formula (1952):
VC : ma' :P'
-rog"p
where p'l-log"p is the total life expectancy after
survival through n days, ma is tlle number of peo-
ple bitten per day, a is the average number of hu-
man blood meals per mosquito per day (= anthro-
pophilic index/duration of the gonotrophic cycle),
p is the daily survival rate, and n is the length in
days of tlre Plasmodirm sporogonic cycle.
In this study all the mosquitoes captured were on
human bait. However, a few sheep were present in
the capture areas, which could influence the vec-
torial trophic activity. This potential deviation has
been estimated at ZVo. Hence, the anthropophilic
index can be considered as 98Vo. The duration of
the gonotrophic cycle was calculated as 2.5 days.
Therefore, a : O.392. At 25"C, the length of the
sporogonic cycle (.r) is 13 days for Plasmodiumfal-
ciparum and 15 days for Plasmodium malariae
(Molineaux and Gramaccia 1980). The vectorial ca-
pacity of each vector species is higher in the rural
zone than the suburban zone. With regard to P. fal-
ciparum, the vectorial capacity of An. funestus is
36.7 at Akou and 113.5 at Benguia; that of An.
gambiae s.l. is 11.8 at Akou and 49.5 at Benguia.
The vectorial capacity of An. nili is 4.1 at Akou
and 9.2 at Benguia; that of An. moucheti is 2.7 at
Benguia, whereas An. moucheti is not a vector at
Akou. With regard to P. malariae, the vectorial ca-
pacity for An. funestus is 34.6 at Akou and 101.4
at Benguia, for An. gambiae s.l. it is 10.8 at Akou
and 43 at Benguia, for An. nili it is 4 at Akou and
7.5 at Benguia, and for An. moucheti it is 2.1 at
Benguia. These results give the optimal vectorial
potential for all rural Anopheles, of which An. fu-
nestus lras the highest vectorial capacity in rural as
well as suburban zones.
DISCUSSION AND CONCLUSION
This survey carried out in the Franceville region
of Gabon allowed us to define some aspects of
malaria transmission, particularly the variations
observed between a suburban and rural zone. in-
cluding seasonal effects. In the suburban zone, the
anopheline fauna was composed of 7 species rep-
resenting 28.487o of the captured Culicidae. In the
nrral zone, 10 species of anophelines represented
97.49Vo of the captures. The aggressivity rate is
10 times higher in the rural zone than in the sub-
urban zone: An. funestus was always the predom-
inant species of the anopheline fauna caught on
humans during the night catches, followed by An.
gambiae s.l. The population of An. funestus and
An. gambiae s.l. fluctuated with seasonal rainfall.
These important va"riations may be accounted for
by differences in the terrain and the bioecology of
the vectors. Anopheles funestus has the ability to
adapt to a wide range of habitats (Gillies and De
Meillon 1968; Gillies and Coetzee 1987), and the
presence of large numbers of this species may be
due to the existence of riverine gallery forest,
which passes through the rural zone, and a tribu-
tary of the River M'passa, which borders the sub-
urban zone. Anopheles gambiae s.1., which devel-
ops in temporary puddles, was reduced in numbers
because of the disappearance of its breeding sites
during both the dry (decrease in the number of
small water collections) and the rainy seasons
(strong rains sweep aside the breeding sites). The
presence of large numbers of the secondary vec-
tors, Az. moucheti and An. nili, in the rural zone
may also be due to the presence of the river bor-
dered by a gallery forest.
The mean values of the sporozoite index found
at both sites are similar to those mentioned in the
literature for Central Africa (Adam 1956, Tfape et
al. 1987, Fondjo et al. L992, Karch et al. 1992).
The mean sporozoite index for the suburban zone
was 2.2 times higher than that for the rural zone.
Nevertheless, transmission was 4.5 times less in-
tense than in the rural zone with more frequent in-
terruptions, particularly at the end of the rainy sea-
son. This overall reduction in transmission at Akou
may be related to the smaller number of An. gam-
biae s.l.
At both sites, malaria transmission was main-
tained essentially by the 2 species An. funestus and
An. gambiae s.l. The latter is the more classically
recognized major vector for malaria in Central Af-
rica, but in this instance, it takes a secondary role
to An. funesrus. This species is often presented
only as a secondary vector in other countries, hav-
ing no role at Kinshasa in Karch et al. (1992) and
Yaound6 in Fondjo et al. (1992), and a very sec-
ondary role at BrazzavTlle in Trape et al. (1987).
In the present study, An. funestus plays the prin-
cipal role in transmission with an EIR 1.3 or 3
times higher than that of An. gambiae s.l. in the
rural or the suburban zone, respectively. Anophe-
les nili, usually described as a main local vector
(Hamon and Mouchet 1961, Carnevale et al. 1992)
or as a temporary vector (Gillies and Coetzee
1987), was considered in the rural zone as a sec-
ondary vector with An. moucheti, whereas in the
suburban zone these 2 species play a very minor
role. Seasonal factors did not influence the impor-
tance of An. funestus as the major vector in this
atea.
This work presents the first data on malaria vec-
tors in Gabon. Only one previous study gave an
indication of the malarial vectors in Lambardnd
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(Fig. la) (Service 1976). The mosr recent studies
concern the epidemiology of malaria in Gabon (Ri-
chard-Lenoble et al. 1986, 1987), chloroquine re-
sistance of P. falciparum (Brandicourt et al. 1996,
Richard-Lenoble et al. 1989), and the development
of antimalarial antibodies (Richard-Lenoble et al.
1989). This study defines the vector population in-
volved in malaria transmission as well as the re-
gional and seasonal variations in transmission ex-
isting between a suburban and a rural zone. Impor-
tant differences observed over very small distances
confirm the high heterogeneity of vector distribu-
tion from one site to another and characterize the
entomological situation for each malaria investisa-
tion site.
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